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(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance accuracy in the 
measurement of flow rate by neglecting a current A in 
the vicinity of the pipe wall on the receiver side where 
the measurement accuracy is low and determining a 
current distribution data C in the vicinity of the pipe wall 
from a current distribution data B detected with high 
accuracy from a part other than the vicinity of the pipe 
wall and then calculating the flow rate from the current 
distribution data B and C. 

SOLUTION: In the region Xm remote from the pipe wall, 
effect of noise reflected on a boundary face is 
suppressed and a normal current distribution B is 
detected. A current distribution indicator/corrector sets i 
a normally detected current distribution B positive and 
extrapolates the positive current distribution B on the N 
region Xm side thus determining a current distribution C 
by numeric analysis. The current distribution is 
approximated by a quadratic or cubic curve by a method 
of least squares, for example, and the current in the 

region Xm is extrapolated using that curve to obtain a current distribution as shown by a 
dashed line C. A flow rate calculator calculates the flow rate from the corrected current 
distributions b and C according to a specified formula. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] When a flow rate is computed from the velocity distribution of the detected 
measurement passage cross section in a pulse-doppler type ultrasonic flowmeter, The detection 
rate-of-flow data near the passage wall of the side which installed the ultrasonic transducer (A) 
are disregarded. Transpose to the velocity-distribution data (C) which extrapolate and are 
obtained from the velocity-distribution data (B) detected except near the wall surface to the 
above-mentioned passage wall side, and it corrects to them. It is the pulse-doppler type 
ultrasonic flowmeter characterized by applying the above-mentioned correction velocity 
distribution near the transducer side-attachment-wall side, and for the other cross section 
constituting the velocity distribution of a passage cross section with the application of the 
velocity-distribution data (B) detected with the transducer, and computing a flow rate based on 
the velocity distribution. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the pulse-doppler type ultrasonic flowmeter of 
the fluid machinery used for a water supply system, storm sewage wastewater, agricultural 
water, etc. with respect to hydrometry. 
[0002] 

[Description of the Prior Art] In this kind of the hydrometry approach, the thing of a publication 
is in JP,8-125633,A as a thing of a pulse-doppler type ultrasonic sensing method, for example 
conventionally. According to this method, as shown, for example in drawing 4 , one ultrasonic 
transducer 2 is attached in the outer wall 1 of pump discharge tubing, the supersonic wave 3 of 
the letter of a burst (some pulse waves) is sent from there, and the above-mentioned transducer 
2 receives the supersonic waves 5a and 5b scattered about from the minute particles 4a and 4b 
in tubing etc. As for close, a carrier beam signal gets down from the doppler shift of passing 
speed Vbcostheta of the travelling direction of the supersonic wave of a minute particle, i.e., 
frequency deltaf based on the rate of flow, to the received wave, it asks for deltaf by frequency 
analysis, and the rate of flow V is detected from a degree type. 
[0003] 
[Equation 1] 

V=Cdeltaf/2f0costheta — (several 1 ) 

It is the acoustic velocity of C:water, and fO here. : The frequency of a transmitted supersonic 

wave, a deltafidoppler-shift frequency, theta: It is the include angle of the travelling direction of a 

supersonic wave, and a tube wall to make. The detection location L is called for by the degree 

type. 

[0004] 

[Equation 2] 

L=C-t-sintheta/2 — (several 2) 

It is t:gate time here. If the gate time of this signal picking ** is changed, the time amount to 
which a supersonic wave goes and comes back from a transducer can change, and can change 
the location to measure. Thus, when the measuring point in tubing changes gate time, the rate of 
flow of the location can be detected by the Doppler signal, namely, can measure the velocity 
distribution in tubing. A flow rate is obtained by integrating with the acquired velocity distribution 
to a tubing cross section. Since the flow rate based on a velocity distribution is obtained with 
one transducer, the flowmeter of the accuracy of measurement with it can be obtained. [ it is 
usei — friendly and high ] 
[0005] 

[Problem(s) to be Solved by the Invention] However, the following technical problems exist in the 
above-mentioned conventional technique. An example as a result of the velocity distribution in 
tubing when a pulse-doppler type ultrasonic flowmeter detects piping with a circular cross 
section as shown in the drawing 5 left is shown in the drawing 5 right. As shown in this drawing, 
the disordered velocity distribution (A) may be detected in the field of Xn near [ by the side of a 
transducer ] the tube wall. This is because the supersonic wave which came out of ultrasonic 
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component 2a in the transducer 2 of a supersonic wave reflects by transducer end-face 2b (or 
external wall surface 1a of tubing), or internal-surface 1b of tubing, and serves as a big noise to 
the ultrasonic signal of the normal scattered about from the particle in tubing and a Doppler 
signal is not acquired correctly. Such effect is the end face of ultrasonic component 2a, and the 
distance L0 of passage wall inner surface 1b. It becomes a problem when it cannot ignore 
compared with the measurement distance L of passage. 

[0006] For reducing this noise, it is the distance L0 of passage wall inner surface 1a from the 
end face of ultrasonic component 2a. It is necessary to make it small or to make the acoustic 
impedance (consistency x acoustic velocity) of construction material the same as the liquid in 
passage. However, it is very difficult to implement such a policy. Because, distance L0 For 
making it small, it is necessary to make the diameter of ultrasonic component 2a small. Since the 
reinforcement of a scattered wave is weak, it becomes impossible to receive a received wave 
and it becomes impossible however, to acquire the rate of flow in tubing, even if it becomes 
impossible for the output of a supersonic wave to become small and for a supersonic wave to 
penetrate the passage wall 1 made of steel and can penetrate, if a diameter is made small. On 
the other hand, making the acoustic impedance of construction material the same as the water 
of the fluid of the measuring object needs to make a hole in a tube wall, it needs to install the 
aperture made of resin, and needs to install an ultrasonic transducer there. Such a thing is very 
difficult when measuring the flow rate of the existing pump. 
[0007] 

[Means for Solving the Problem] In case a flow rate is computed by integrating with the detected 
velocity distribution, the rate-of-flow data near [ by the side of a transducer with the bad 
accuracy of measurement ] the tube wall (A) are not applied, but extrapolate and ask for the 
velocity-distribution data near the tube wall (C) from the velocity-distribution data (B) detected 
with sufficient precision other than near the ****, and compute a flow rate from the above- 
mentioned velocity-distribution data (B) and (C). 
[0008] 

[Embodiment of the Invention] Drawjng^ J_ explains the 1 st operation gestalt of this invention. The 
ultrasonic transducer (sensor) 2 is connected to installation and a transducer 2 in the pulse- 
doppler type ultrasonic current meter 6 of the conventional technique in the external wall 
surface of passage 1. The flow rate correction equipment 7 which consists of flow rate 
calculation machine 7b which finds the integral to this current meter 6 from a display and 
rectifier 7a of a velocity distribution, and a velocity distribution, and calculates a flow rate is 
connected. 

[0009] In such hydrometry equipment, the curve of the continuous line shown in drawing 2 as a 
distribution map of the relation between radial [ of passage ] and the rate of flow, i.e., radial [ of 
the shaft-orientations rate of flow ], is obtained as an output of the pulse-doppler type 
ultrasonic current meter 6. That is, since the acoustic impedances of a transducer, the 
ingredient of a passage wall, and the liquid in passage differ, the rate-of-flow distribution curve 
(A) of the range of the field Xn near the transducer by-pass wall may present a distribution 
configuration which is different in the velocity-distribution emergency of normal by the noise 
reflected in each interface. However, the inclination which a actual velocity distribution does not 
show irregularity in a radial distance short in this way, and dwindles the rate of flow toward a 
passage core or ****** by development of a boundary layer is shown. Therefore, if a flow rate is 
computed using the velocity distribution of (A) which does not show flow actual in this way, a 
right flow rate will not be obtained. 

[0010] On the other hand, in the field of Xm which is separated from a tube wall, since the effect 
of the above-mentioned noise becomes small, a normal velocity distribution (B) is detected. 
Then, with a velocity-distribution display and a rectifier, the velocity distribution (B) detected 
normally is just carried out, it extrapolates to Field Xn side, and a velocity distribution (C) is 
searched for in numerical analysis. Extrapolation approximates a velocity distribution (B) with 2 - 
the 3rd curve for example, by the minimum root squaring methods, and when the rate-of-flow 
data of Field Xn ask using the curve, it is performed. A broken line (C) shows the velocity 
distribution acquired by such extrapolation. Thus, a flow rate is computed by the degree type by 
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flow rate calculation machine 7b in the corrected velocity distribution (C) and (B). 

[0011] 

[Equation 3] 

Q= / o D (V(c] + V(b))B(r)dr ... <«3) 

[0012] The rate of flow corrected near the V(c):tube wall here, the rate of flow by which it was 
detected other than near the V(b):tube wall, the diameter of Drpassage, B (r): They are the 
measurement distance L of passage, and the width of face of the direction of a right angle. 
[0013] If the curve which turns into the rate-of-flow distribution curve (B) from (C) in drawin g 2 
has neither an obstruction nor rapid deflection nor a junction pipe into the passage near the 
upstream of a measurement part, the rate of flow near a passage core is max, and since a 
boundary layer progresses as it goes to a tube wall side, the rate of flow will usually be dwindled. 
Therefore, the corrected rate-of-flow distribution curve shows a convex configuration, when 
taking the depth distance of the measuring object along an axis of abscissa and taking the rate 
of flow along an axis of ordinate. Therefore, since the correction curve is not suitable, correction 
enables it to display assessment that it is an error on a flow rate calculation machine in the 2nd 
example, when an approximation curve does not serve as a convex configuration. If it does in this 
way, it can be possible to prevent unsuitable correction and the accuracy of measurement of 
equipment can be raised. The 3rd example is the approach of setting the range Xn which 
disregards a velocity distribution (A) in drawing 2 as the distance Xn defined experimentally or 
theoretically with the construction material die length Ls of the wedge-shaped filler between 
dispatch component side 2a of two in an ultrasonic transducer, and field 2b attached in the tube 
wall of a transducer, and the construction material and thickness Lp of a wall of passage as 
shown in drawing 3 , and correcting a velocity distribution. If it does in this way, since the 
velocity distribution by which the range of the distance Xn which did not need to examine the 
velocity distribution detected and acquired in monitor display each time, and set it up beforehand 
was detected will be corrected automatically, quick measurement is attained. 
[0014] The 4th example is explained using drawing 1 and drawing 2 . (B) is displayed on the 
monitor display of the velocity-distribution display and rectifier of drawing 1 as the velocity 
distribution (A) shown in drawing 2 at the beginning. Next, in case a velocity distribution (A) is 
corrected, the range Xn where the right velocity distribution is not acquired by the noise is 
judged by viewing, and the range Xn which corrects is set up by the manual. If it does in this way, 
since the more exact correction range can be set up, hydrometry precision can be raised more. 
When the maximum rate of flow of a test section has shifted from the core of a duct cross 
section, or the part where the rate of flow is fixed exists widely and a velocity distribution does 
not serve as a convex configuration simply, the effectiveness of this example is size. 
[0015] The 5th example is explained using dj^wing_2 . A velocity distribution as shows the 
monitor display of a velocity-distribution display and rectifier 7b of drawing 1 R> 1 to drawing 2 
is displayed. In this example, the color of a distribution curve and the class (the continuous line 
and broken line) of line which corrected by the original distribution curve and extrapolation which 
were detected, and were displayed are changed and displayed, and it carries out as [ recognize / 
the difference of the curve before and behind correction / clearly ]. By doing in this way, the 
mistake actuation at the time of correction with a monitor is prevented, and it can contribute to 
the improvement in the accuracy of measurement of the whole. 
[0016] 

[Effect of the Invention] According to this invention, when measuring the flow rate of the 
passage of a minor diameter comparatively with a pulse-doppler type ultrasonic flowmeter, it is 
possible to compensate lowering of the rate-ofHlow accuracy of measurement near the tube 
wall by the side of installation of the transducer which exists intrinsically, consequently 
hydrometry precision improves. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the pulse-doppler type ultrasonic flowmeter of 
the fluid machinery used for a water supply system, storm sewage wastewater, agricultural 
water, etc. with respect to hydrometry. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
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PRIOR ART 



[Description of the Prior Art] In this kind of the hydrometry approach, the thing of a publication 
is in JP,8-125633,A as a thing of a pulse-doppler type ultrasonic sensing method, for example 
conventionally. According to this method, as shown, for example in drawing 4 , one ultrasonic 
transducer 2 is attached in the outer wall 1 of pump discharge tubing, the supersonic wave 3 of 
the letter of a burst (some pulse waves) is sent from there, and the above-mentioned transducer 
2 receives the supersonic waves 5a and 5b scattered about from the minute particles 4a and 4b 
in tubing etc. As for close, a carrier beam signal gets down from the doppler shift of passing 
speed Vbcostheta of the travelling direction of the supersonic wave of a minute particle, i.e., 
frequency deltaf based on the rate of flow, to the received wave, it asks for deltaf by frequency 
analysis, and the rate of flow V is detected from a degree type. 
[0003] 
[Equation 1] 

V=Cdeltaf/2f0costheta — (several 1 ) 

It is the acoustic velocity of C:water, and fO here. : The frequency of a transmitted supersonic 

wave, a deltafrdoppler-shift frequency, theta: It is the include angle of the travelling direction of a 

supersonic wave, and a tube wall to make. The detection location L is called for by the degree 

type. 

[0004] 

[Equation 2] 

L=C-t-sintheta/2 — (several 2) 

It is trgate time here. If the gate time of this signal picking ** is changed, the time amount to 
which a supersonic wave goes and comes back from a transducer can change, and can change 
the location to measure. Thus, when the measuring point in tubing changes gate time, the rate of 
flow of the location can be detected by the Doppler signal, namely, can measure the velocity 
distribution in tubing. A flow rate is obtained by integrating with the acquired velocity distribution 
to a tubing cross section. Since the flow rate based on a velocity distribution is obtained with 
one transducer, the flowmeter of the accuracy of measurement with it can be obtained. [ it is 
user-friendly and high ] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, when measuring the flow rate of the 
passage of a minor diameter comparatively with a pulse-doppler type ultrasonic flowmeter, it is 
possible to compensate lowering of the rate-of-flow accuracy of measurement near the tube 
wall by the side of installation of the transducer which exists intrinsically, consequently 
hydrometry precision improves. 

[Translation done.] 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, the following technical problems exist in the 
above-mentioned conventional technique. An example as a result of the velocity distribution in 
tubing when a pulse-doppler type ultrasonic flowmeter detects piping with a circular cross 
section as shown in the drawing 5 left is shown in the drawing 5 right. As shown in this drawing, 
the disordered velocity distribution (A) may be detected in the field of Xn near [ by the side of a 
transducer ] the tube wall. This is because the supersonic wave which came out of ultrasonic 
component 2a in the transducer 2 of a supersonic wave reflects by transducer end-face 2b (or 
external wall surface 1a of tubing), or internal-surface 1b of tubing, and serves as a big noise to 
the ultrasonic signal of the normal scattered about from the particle in tubing and a Doppler 
signal is not acquired correctly. Such effect is the end face of ultrasonic component 2a, and the 
distance L0 of passage wall inner surface 1b. It becomes a problem when it cannot ignore 
compared with the measurement distance L of passage. 

[0006] For reducing this noise, it is the distance L0 of passage wall inner surface 1a from the 
end face of ultrasonic component 2a. It is necessary to make it small or to make the acoustic 
impedance (consistency x acoustic velocity) of construction material the same as the liquid in 
passage. However, it is very difficult to implement such a policy. Because, distance L0 For 
making it small, it is necessary to make the diameter of ultrasonic component 2a small. Since the 
reinforcement of a scattered wave is weak, it becomes impossible to receive a received wave 
and it becomes impossible however, to acquire the rate of flow in tubing, even if it becomes 
impossible for the output of a supersonic wave to become small and for a supersonic wave to 
penetrate the passage wall 1 made of steel and can penetrate, if a diameter is made small. On 
the other hand, making the acoustic impedance of construction material the same as the water 
of the fluid of the measuring object needs to make a hole in a tube wall, it needs to install the 
aperture made of resin, and needs to install an ultrasonic transducer there. Such a thing is very 
difficult when measuring the flow rate of the existing pump. 
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MEANS 



[Means for Solving the Problem] In case a flow rate is computed by integrating with the detected 
velocity distribution, the rate-of-flow data near [ by the side of a transducer with the bad 
accuracy of measurement ] the tube wall (A) are not applied, but extrapolate and ask for the 
velocity-distribution data near the tube wall (C) from the velocity-distribution data (B) detected 
with sufficient precision other than near the ****, and compute a flow rate from the above- 
mentioned velocity-distribution data (B) and (C). 
[0008] 

[Embodiment of the Invention] Drawing 1 explains the 1st operation gestalt of this invention. The 
ultrasonic transducer (sensor) 2 is connected to installation and a transducer 2 in the pulse- 
doppler type ultrasonic current meter 6 of the conventional technique in the external wall 
surface of passage 1. The flow rate correction equipment 7 which consists of flow rate 
calculation machine 7b which finds the integral to this current meter 6 from a display and 
rectifier 7a of a velocity distribution, and a velocity distribution, and calculates a flow rate is 
connected. 

[0009] In such hydrometry equipment, the curve of the continuous line shown in drawing 2 as a 
distribution map of the relation between radial [ of passage ] and the rate of flow, i.e., radial [ of 
the shaft-orientations rate of flow ], is obtained as an output of the pulse-doppler type 
ultrasonic current meter 6. That is, since the acoustic impedances of a transducer, the 
ingredient of a passage wall, and the liquid in passage differ, the rate-of-flow distribution curve 
(A) of the range of the field Xn near the transducer by-pass wall may present a distribution 
configuration which is different in the velocity-distribution emergency of normal by the noise 
reflected in each interface. However, the inclination which a actual velocity distribution does not 
show irregularity in a radial distance short in this way, and dwindles the rate of flow toward a 
passage core or ****** by development of a boundary layer is shown. Therefore, if a flow rate is 
computed using the velocity distribution of (A) which does not show flow actual in this way, a 
right flow rate will not be obtained. 

[0010] On the other hand, in the field of Xm which is separated from a tube wall, since the effect 
of the above-mentioned noise becomes small, a normal velocity distribution (B) is detected. 
Then, with a velocity-distribution display and a rectifier, the velocity distribution (B) detected 
normally is just carried out, it extrapolates to Field Xn side, and a velocity distribution (C) is 
searched for in numerical analysis. Extrapolation approximates a velocity distribution (B) with 2 - 
the 3rd curve for example, by the minimum root squaring methods, and when the rate-of-flow 
data of Field Xn ask using the curve, it is performed. A broken line (C) shows the velocity 
distribution acquired by such extrapolation. Thus, a flow rate is computed by the degree type by 
flow rate calculation machine 7b in the corrected velocity distribution (C) and (B). 
[0011] 
[Equation 3] 

Q= J o D (V(c) + V(b))B< r)d r ... (»3) 

[0012] The rate of flow corrected near the V(c):tube wall here, the rate of flow by which it was 
detected other than near the V(b):tube wall, the diameter of Dipassage, B (r): They are the 
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measurement distance L of passage, and the width of face of the direction of a right angle. 
[0013] If the curve which turns into the rate-of-flow distribution curve (B) from (C) in drawing 2 
has neither an obstruction nor rapid deflection nor a junction pipe into the passage near the 
upstream of a measurement part, the rate of flow near a passage core is max, and since a 
boundary layer progresses as it goes to a tube wall side, the rate of flow will usually be dwindled. 
Therefore, the corrected rate-of-flow distribution curve shows a convex configuration, when 
taking the depth distance of the measuring object along an axis of abscissa and taking the rate 
of flow along an axis of ordinate. Therefore, since the correction curve is not suitable, correction 
enables it to display assessment that it is an error on a flow rate calculation machine in the 2nd 
example, when an approximation curve does not serve as a convex configuration. If it does in this 
way, it can be possible to prevent unsuitable correction and the accuracy of measurement of 
equipment can be raised. The 3rd example is the approach of setting the range Xn which 
disregards a velocity distribution (A) in drawing 2 as the distance Xn defined experimentally or 
theoretically with the construction material die length Ls of the wedge-shaped filler between 
dispatch component side 2a of two in an ultrasonic transducer, and field 2b attached in the tube 
wall of a transducer, and the construction material and thickness Lp of a wall of passage as 
shown in drawing 3 , and correcting a velocity distribution. If it does in this way, since the 
velocity distribution by which the range of the distance Xn which did not need to examine the 
velocity distribution detected and acquired in monitor display each time, and set it up beforehand 
was detected will be corrected automatically, quick measurement is attained. 
[0014] The 4th example is explained using drawing 1 and drawing 2 . (B) is displayed on the 
monitor display of the velocity-distribution display and rectifier of drawin g 1 as the velocity 
distribution (A) shown in drawing 2 at the beginning. Next, in case a velocity distribution (A) is 
corrected, the range Xn where the right velocity distribution is not acquired by the noise is 
judged by viewing, and the range Xn which corrects is set up by the manual. If it does in this way, 
since the more exact correction range can be set up, hydrometry precision can be raised more. 
When the maximum rate of flow of a test section has shifted from the core of a duct cross 
section, or the part where the rate of flow is fixed exists widely and a velocity distribution does 
not serve as a convex configuration simply, the effectiveness of this example is size. 
[0015] The 5th example is explained using drawing 2 . A velocity distribution as shows the 
monitor display of a velocity-distribution display and rectifier 7b of drawing 1 R> 1 to drawing 2 
is displayed. In this example, the color of a distribution curve and the class (the continuous line 
and broken line) of line which corrected by the original distribution curve and extrapolation which 
were detected, and were displayed are changed and displayed, and it carries out as [ recognize / 
the difference of the curve before and behind correction / clearly ]. By doing in this way, the 
mistake actuation at the time of correction with a monitor is prevented, and it can contribute to 
the improvement in the accuracy of measurement of the whole. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the example of this invention. 
[Drawing 2] It is drawing showing the detected velocity distribution and its corrected velocity 
distribution. 

[Drawing 3] It is the sectional view of the duct in which the transducer in which the 3rd example 
of this invention is shown was installed. 

[Drawing 4] It is drawing explaining the principle of the pulse-doppler type ultrasonic flowmeter 
of the conventional technique. 

[Drawing 5] It is drawing showing the mounting situation of the ultrasonic transducer for 
explaining the technical problem of the conventional technique, and the velocity distribution in 
detected tubing. 
[Description of Notations] 

1 [ — An underwater particle, 5 / — The received wave, 6 based on a scattered wave / — A 
pulse-doppler type ultrasonic current meter, 7 / — Flow rate calculation equipment. ] — 
Measurement passage (tubing), 2 — An ultrasonic transducer, 3 — The letter supersonic-wave 
transmission wave of a burst, 4 
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